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INTRODUCTION:

Long Lake (WBIC 2620600) is a 2,054 acre stratified drainage lake in central Polk
County, Wisconsin in the Towns bbng Lake, Milltown, Georgetown, and Apple River
(T34N R17W S10 NE NE). The lake reaches a maximum depth of 37ft north of Cedar
Island in the western basin and has an average depth of 20ft (Hopke et al.L19&#}).

Lake is mesotrophic bordering on eutrophicature, and water clarity is fair with

historical summer Secchi readings averaging 6ft in East), 7ft in Little Long, and 8ft

in the deep hole north of Cedar Island (WDNR 2016). Bottom substrate is variable with
muck bottoms in most bays, and roekid bars in the Big and Little Narrows and around
the | akebds many isl ands.

e

Figure 1: Long Lake with 2016 CLP Treatment Areas

Curly-leaf pondweedRotamogeton crispggCLP) is an invasive exotic plant that is

common to abundant in partslafng Lake. In their 2010Wisconsin Department of

Natural Resources (WDNR) approved Aquatic Plant Managemen{A®RavP), the

longLake Protection and Re hderifieda)rédacing on Di st r
overall lakecoverage of CLP to <20 acrasdb) relieving navigation impairmerdaused

by canopied CLP bedsmanagerant goaldClemens2010) As part of thé continuing

efforts to meetthese goals, iMay 2014and 2015the BLPRDand the/NDNR

authorized the herbicide treatment of five CLP beds in Easfj Lake These beds,

which totaled 65.49 acres, were selected based on the 2013 spring CLP bed mapping

survey that found they were the largest areas of CLP on the lake, and because they were
interfering with boat traffic and/or restricting resident asc® the lake from their docks.

Although no CLP beds were found in Eashgfollowing the treatmerst the fall 205

turion survey suggested there would again be significant amounts of CLP iroEgst

Because of thisn spring2016, 58.27 acres aapproximately2.84% f t he | akeds t
surface areavere again treate(dFigure 1).

Following the herbicide application day 5", we completed dune ' posttreatment

survey to evaluate the effectiveness of this control efortJune ™, we also searched

the | akeds visible |ittoraAsin2@ard2@l6d mappe
these surveyshowedhat CLPplants wereall but eliminated from Eadtong by the

treatment Knowing there wastill the potential for the beds to return in ZQ1he

BLPRD, requested &ate fallCLP turion survey to determine the levelamiy latent

turions remaining in the lakesubstrate.This report is the summary analysis of that

survey conducted on Octoh28-29, 2016.



CLP LIFE HISTORY AND STUDY OBJECTIVES

Although Curlyleaf pondweed occasionally reproduces by seed, the vast majority of
plants resprout froratiff overwintering buds called turions that are normally produrced
numberby the plants prior to thelate June/early July senescence (FigureAjer the
pineconelike turionsgerminate in late fall or early wintgolantscontinue to grovslowly
under the ice Following ice out, growth accelerates, and @aapidly canopy allowing
them a competitivadvantage over slower growing native spefizspers 2005)
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Figure 2. Germinating CLP Turion

Research suggests approximately 50% of turions germinate in a growing season while the
rest remain dormant until the following growing season when ans@érwill

germinate (Johnson 2012). Depending on the level of turions at a given lpaation

knowing thatatentturions may be able to survive fover 5 yearsn the sedimentt may

take several years of c¢ @aNewmai UbfdM ex haust t
unpublished data)

Following theMay 5" herbicide application and ti#916summer growing seasowe
conducteda posttreatmerttirion survey onOctober28-29". The goals of the survey
were b determinethe level of remainin@LP turionswithin thetreatment areasnd, if
there were, whether their numbesrgygested there would likely baough to cause
navigation issues in 201 This report is the summary analysistiwét field survey



METHODS:
Previous Long Lake Methods- COMPARE!! Fall Ponar Dredge Turion

Survey:

Within the initial 2013 proposed treat ment
Tools Extension to ArcGIS 9.3.1 to generate offset regular points at the rate of 2/acre.

We added 10 additional points in thin areas efghblygons where there were no points,

or in areas that fell outside the polygons we thought had the potential for CLP growth.

These same points were used in 2014 so we could compafrevgegear changes.

At each point, we used a Petite Ponar Grab wisirf sample area to take two sediment
samples. These samples were then rinsed in a fine sieve. All live turions were tallied,
and the total turions in each sieve were multiplied by 18 to give a value in turfons/yd
This value gives an idea of how maCLP plants will germinate in an area in 2015. The
resulting data, coupled with the CLP exploratory point intercept survey will be used to
help determine if, where, and how to treat CLP in 2015.

Ponar Dredge Turion Survey:

After merging the2014 treatmet area andthe 200%reatment oBed 14C into a single
shapefilewe used Hawt hdéds Analysis Tools Extensi
points at the rate @fpproximately 17 points/acre. This produceda 120 point sampling

grid of which18werein Bed 12, 65 were in Bed 13, 7 were in Bed 14, and the remaining

30 were in the combined area of Beds 14B M@ Thissamesampling grid waslso

used in2015 and 20160 allow for the most accurate comparispossible(Figure 3)

(Appendix 1). For easen determining the total impact of the current treatment program

we also left the 2014nd 2015arrativesin the results section ofigreport.
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Figure 3: Turion Survey Sample Pointsin Historical Treatment Areas

During the surveys, wiecated each point with a handheld mapping GPS unit (Garmin
76CSx) and usedRetite Ponadredgewith a0.0232m? (36irf) sample area to take
bottomsedimengrabfrom each side of the boat at each locatidrhese samples were
then rinsed in a finsieveto separate out the sediméRigure 4) Samples with high
numbers of turiontevels of detritusvere bagged for later analysis at which tinee w
discarded all rotten turions, tallied all live turions, and multiplileetombinediotal live
turionsfrom the two samplelsy 21.53 to estimateturions/nf at each locationThis value
gives an idea of how many CLP plamt#l germinate in an area in 201



Figure 4. Ponar Grab and Turion Sieving



DATA ANALYSIS:
We entered all data collectedto an Excel spreadshestid used standard formulastive
data analysis tool pack to calculate the following:

Total number of points sampled Thisvalue is theotal nunber of points on the lake
within each study area. Weok two Ponar samples at each sample point.

Total number of live turions: This value includes all live turions found at all sites
within a study area.

Total number of points with live turions: This number includes all survey sites that
had at leastme turion ineither of the Ponar samples taken at the site.

Frequency of occurrence: The frequency ofurionsis generally reported as a
percentage of occurrences at all sample poifite value is used to extrapolate coverage
within the study areaFor example, if 20% of all sample sites h&weons it suggests

that 20% of thestudy areavill have at least some Curleaf pondweedoveragehe
following yeat

Points at or above nuisance levelThis value gives the number of survey sites within

the study area that were above pinedictednhuisance threshol@Figure 5) Research

suggests that whehe turiondensity is at or above 200/nthef ol | owi @G year 6s
growthhas the potentidb at least moderately impair navigatigdohnson 2012).

Turion Density/m2 - Potential for Impairment

None Found

1- 50 -None
e 50-100-Very Low
® 100 -200-Low
@® 200 - 350 - Moderate
e >350 - High

Figure 5: Predicted Navigation Impairment Based on Turion Density

Percent nuisance level:The percentage of nuisance points divided by the notalber
of survey points can be extrapolated to determine what percent of the stulgsatea
potential tohave at least moderate navigation impairment duringéiégrowing
season.

Mean turions/m? This value is the average number of turionfsvhen pooling the data
from all survey sites regardless of whether or not they had tupi@sent

Standard deviation of turions/nf: This value tells us how far apart the data is from the
mean. A low standard deviation suggests most points have adensity thatvas




similar to the mean, while a high value suggéstrewas greagr variability in turion
density within the sample area.

20142015and 20152016Significant Differences

Data from the 20142015,and 2086 surveys was compared using pairgdsts as we
returned to the same sites during each sur¥earoveryear differences were
determined to be significant pk .05, moderately significant pt< .01, and highly
significant atp < .005(Tables 1 and 3.

RESULTS AND DISCUSSION:

2014Fall Ponar Dredge Turion Survey:

TheNovembe-9", 2014surveyrevealedCLP turionswere present throughout much of
the2014treatment areawith 92of 120points having live turion§76.67%) (Figure6)
(Appendix Il). Despite this, onlgix points (500%) suggested CLP growth in 20h&d

the potential t@xceedhe nuisancéhresholdwith densities >200 turions/fTable 1).
When broken down by area, Bed 12 had the highest rate with ovenf2B#&bed

projected taexceedhis level Bed 13 was the only other area with any nuisance points,
and both of them were located at the very northern edge of theAtiestf.the nuisance
points were irareas withshallow water (<5ft) that historically taa also hadiense

canoped CLP.

The overall mean turion densityas61.53 turions/mi. This valuesuggested that the
averagepotential forimpairment would be very lowTurion censitiesveresomewhat
variablewith all standard deviationsaluesbeing greater than the meaHowever only
Bed 12was more than 25% higher than the meeminone were double the mean.
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Figure 6: 2014Fall CLP Turion Survey Density and Distribution
2015 Fall Ponar Dredge Turion Survey:
Long 2015Fall Ponar Dredge CLP Turion Survey:

During the October 2% 2015 Ponar dredge survey, we found 167 CLP turions at 55 of 75
survey points (73.3%). This was neatrly triple the density and double the distribution of

turions when compared to the 2014 and 2013 surveys (59 turions found at23unfey

points (36.0%) in 2014 and the 56 turions found at 28 points (37.3%) in 2013). Of these,
point (in Bed 1) exceeded
but 27 (up from eight in 2014 and six in 2013) topped 50/sqd (Figure 8) (Appendix IV).
Using a ttest to comparing these results to the 2014 turion suneypund that the
increase in lakewide turion levels was highly significantp<<<.001)as the mean density
increased from 14.16 in 2014 (13.44 in 2013)Q®8 turions in 2015 (Table 2).

onl vy

Broken down by polygon, we found that the density also increase in each of the six high

one

t he

expec

density areas. This increase was highly significant in Area 4, and significant in Areas 1, 3,
and 6. These results further saggthat Areas 1, 4, and 6 can expect the highest CLP density

in 2016.
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Figure 8: 2014 and 2015 CLP Turion Density and Distribution
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Table 2: Ponar Dredge Turion Density Survey
Long Lake, Polk Co. October 19, 2014 and October 25, 2015

Polvaon| Points 2014 Points| 2014 Total| 2014 Est. | 2015 Points| 2015 Total| 2015 Est.
Nur%%er Surveved with Live Live Mean with Live Live Mean p value

y Turions Turions | Turions/yd? | Turions Turions | Turions/yd?

1 17 7 26 27.53 14 45 47.65 *+0.022

2 12 5 6 9.00 7 15 22.50 +0.064

3 6 0 0 0.00 4 5 15.00 *+0.021

4 15 1 1 1.20 10 43 51.60]  **+<0.001

6 8 6 11 24.75 8 30 67.50 *+0.021

7 17 8 15 15.88 12 29 30.71 +0.103

Total 75 27 59 14.16 55 167 40.08| *** +<.001

Significant differences = *p < .05, ** p<.01, ** p<.005

12




During theOctober 3 - November 1, 2015 surveywefoundlive CLP turionsat 670f
120 points $5.83%) (Figure 7) (Appendix 11).This was a decline in distribution of
27.17% from the 92 points with turions in 201¥Vhen broken down by area, all beds
showed a decline in distribution except for Bed 14B/C which increased from 56.67%
coverage in 2014 to0800% coverage in 2015 (Table 1).

The number

of high

density

Apredialyi ve

from six points (5.00%) in 2014 tfive points (4.17%) in 2015As in 2014, Bed 12 had
the highest percentage of high density points (11.11®%jtside this areao otherbed

had more that 3.33% (Bed 14B/C). The majority of the highest densiby fowintsagain
occurred inareas with shallow water (<5ft) that historically have had dense canopied CLP
growth in the sprin@s well as moderate levétger inthe summer These areas mde
c r o p toriorts fafteqtHe &reatment andy a t
consequently, are able to produce turions/maintain the bank at these locations.

producing

a nsecond

We calculatedHe overall meadensitywithin the study areas 4#.13turions/nf with a
standard deviation of 754Qurions/nf. This was anearly significant decline from 2014
(p = 0.057 when we found a mean of 61.53turion$imith a standard deviation of
114.47 turions/m Visual analysis of the 2014 and 2015 maps sugdésé turion bank
has been nearly exhausted in most deep water areas over 8ft while shallow areas continue
to have regular turions presemensities continue to be variable with all standard
deviations values being greater than the mé#@ith the exceptin of Bed 14southeast
bay)which showed a slight increase, all other areas declined, although none of these
changes were significant.
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Figure 7: 2015 Fall CLP Turion Survey Density and Distribution
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Table 1: CLP Turion Surveys - Summary Statistics

November 89, 2014and October 3:November 1, 2015

EastLong Lake, Polk County

2014 2015
- Bed | Bed | Bed | Bed Bed | Bed | Bed | Bed
Summary Statistics: Total 12 13 | 14 |14B/C Total 12 13 14 | 14B/C
Total number of points sampled 120 18 65 7 30 120 18 65 7 30
Total live turions 343 127| 142 7 67 246 69 111 10 56
Total number of points with live turions 92 17 54 4 17 67 14 32 3 18
Frequency of occurrence (in percent) 76.67| 94.44| 83.08| 57.14| 56.67| 55.83| 77.78| 49.23| 42.86| 60.00
Points at or above nuisance level (+200)/1 6 4 2 0 0 5 2 2 0 1
% nuisance level 5.00| 22.22| 3.08| 0.00 0.00] 4.17| 11.11| 3.08| 0.00 3.33
Maximum turions/m 1,012 1,012 388 65 194 431 409 431 172 258
Mean turions/m 61.53| 151.89| 47.03| 21.53| 48.08] 4413| 82.52| 36.76| 30.75| 40.19
Standard deviation/m 114.47| 249.58| 58.70| 24.86| 58.39| 7504 | 107.58| 71.07| 63.20| 57.02
Standard error of the paired difference 0.51| 2.70| 0.47| 1.23 0.58
Degrees of freedom 119 17 64 6 29
t-statistic -1.59| -1.19| -1.01| 0.34| -0.63
p - value 0.057| 0.12| 0.15| 0.37 0.27

Significant differences = *p < .05, ** p < .01, *** p < .005




2016 Fall Ponar Dredge Turion Survey:

During the Octobe28-29", 2016 survey, we found live CLP turions 45 of 120 points
(37.50%) (Figure8) (Appendix Il). This32.84%decline in distributiorfrom the &
points with turiong55.83%)in 2015nd a further decline frothe 92 points with turions
in 2014(76.67%)suggestshe current treatment programas significantly reduceithe

it ur i on hdnarokendown bwaaeall beds showed a decliarcept for Bed.2
which remained at 77.78%. No other bed had coverage higher than 33.83&02.

Thetotalin u mber of hi gh densi ty tickgdbaclkdup tosix v e
points (5.00%) from five points in 2018.17%) with all but oneoccurring in Bed 12
AlthoughBed 12 ha always hadhelargestpercentage of high density poingy(78%of
thebedin 2016), tke nearly significant increasa density 82.52/nf in 2015 to 145.91°

in 2016- p = 0.05%, andthemore thardoubling of the number of high density points
from two (11.11%of bed)in 2015to five in 2016was unexpected based on suecessful
treatments in this area from 202016

We calculated the overall mean density within the study ar&& 2 turionfm?with a
standard deviation of5386 turions/nf. This was a further decling € 0.17) from the

44.13 turions/riwith astandard deviation of 75.04 turiong/m 2015 and the
61.53turions/rhwith a standard deviation of 114.47 turion$im2014. Visual analysis of
the2016mapcontinues to show th#te turion bankappears to haveeen nearly exhausted
in most deep wateaareas over 8ftand manyhallow areasow have only scattergdrions
present. Densities continue to be variable witlhatls havingtandard deviations values
that were greatehan the mean. With the exception of B&d{doutlwestbay), allother
area mean densities declingidh Bed 14B/Cshowinga significant declinepg(= 0.17), and
Bed 13 (north bay) a nearly significant declipe=(0.09.

& b~ 44
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Figure 8: 2016 Fall CLP Turion Survey Density and Distribution



Table 2: CLP Turion Surveys - Summary Statistics

EastLong Lake, Polk County

October 31-November 1, 201%nd October28-29, 2016
2015 2016
- Bed | Bed | Bed | Bed Bed | Bed | Bed | Bed
Summary Statistics: Total 12 13 | 14 |14B/C Total 12 13 14 | 14B/C
Total number of points sampled 120 18 65 7 30 120 18 65 7 30
Total live turions 246 69| 111 10 56 199 122 61 2 14
Total number of points with live turions 67 14 32 3 18 45 14 19 2 10
Frequency of occurrence (in percent) 55.83| 77.78| 49.23| 42.86| 60.00| 37.50| 77.78| 29.23| 28.57| 33.33
Points at or above nuisance level (+200)/1 5 2 2 0 1 6 5 1 0 0
% nuisance level 4.17| 11.11| 3.08| 0.00 3.33] 5.00| 27.78] 1.54| 0.00 0.00
Maximum turions/m 431 409| 431| 172 258| 560 560 323 22 65
Mean turions/m 44.13| 82.52| 36.76| 30.75| 40.19| 35.70| 145.91| 20.20| 6.15| 10.05
Standard deviation/m 75.04| 107.58| 71.07| 63.20| 57.02| 85.86| 157.26| 54.21| 10.50| 16.71
Standard error of the paired difference 041 1.77| 0.50| 1.16 0.46
Degrees of freedom 119 17 64 6 29
t-statistic -0.95| 1.66| -1.54| -0.98| -3.07
p - value 0.17| 0.057| 0.06| 0.18]| 0.002

Significant differences = *p < .05, ** p < .01, *** p < .005




CONSIDERATIONS FOR FUTURE MANAGMENT:

The2016turion survey suggests there will again be CLP througmuah ofEastLong

Lake in 20%; howeverdensities arexpected to be quite low with the exception of Bed

12 just northeast of the Big Narrowstlet to the main lake Despite solid herbicide Kkill

of CLP in thisareafollowing the May2016treatmentweagainwi t nessed a fisec
cr op o othe si@&lloRer parts of this bay during duty andAugust landing

surveys It seems likby thatthese lategrowing plants are the reason for the continued
moderate to high turion levels throughout much of this area. Because of this localized
regrowth, harvesting in this area later in the sumamnerpossibly even the far north shore
of Bed 13 in the north bayay be necessary to both relieve navigation impairment as well
as eliminate latgrowing CLP.

In conclusion, Bihough treatment is still planned in Easingin 2017 (pers. comm. with
BLPRD board), the lovurion levels especially in deep watesuggesthat thetotal
surface acreage and volume of water treatedikdly continue to decline from 20146
levels. Ultimately, the results of the 2017 pretreatment survey coupletheitbvel of
CLP growth the board is comfortable with will determine how much of lEasj is
treated.
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Appendix I: Survey Sample Points andHistoric CLP Treatment Areas
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Appendix Il: 2014, 2015,and 2016 Fall CLP Turion
Density and Distribution Maps
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